Background: A number of studies have reported on the association
INTRODUCTION
In the most recent report from the Central Brain Tumor Registry of the United States (CBTRUS) intra-cranial meningiomas are identified as the most frequently reported primary brain tumor in adults within the United States (1) . The increasing 4 awareness of the import of these tumors has lead to a desire to investigate possible risk factors with ionizing radiation (IR) the most consistently confirmed risk exposure (2-9). Few other factors have been identified (2) although a number of investigators have examined the role of cigarette smoking (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . The examination of this exposure is an intriguing one given both smoking's well-known association with a wide range of cancers as well as its potential anti-estrogenic effects.
Notably, an inverse association of cigarette smoking has been reported for tumors such as endometrial cancer (22) 
Data Collection
The physicians of each eligible case were contacted to request permission to approach the case. Cases approved for contact by their physicians and controls identified by Kreider
Research were sent an introductory letter. Approximately 1-2 weeks later, a trained interviewer contacted the potential study subject by telephone to administer the interview. Interviews took an average of 52 minutes. Proxies provided information for nine cases and no controls. The questionnaire included detailed questions on demographics, family history of cancer, pregnancy and menstrual history, exogenous hormone history, and medical history. Subjects who had smoked a total of 100 cigarettes or more in their lifetime were defined as "ever smokers". Smokers were asked the age at which they started (and for past smokers the age at which they stopped) smoking cigarettes, the number of cigarettes smoked per day and the total number of years of smoking. Subjects who answered "0" to the question "In a typical week over the past year, on how many days did you consume an alcoholic beverage of any type (beer, wine, hard liquor)?" were defined as non-drinkers. In defining exposure to therapeutic ionizing radiation, subjects were asked whether they had ever undergone radiation treatment to the head, neck, face or chest.
For exposure to diagnostic radiation, subjects were questioned whether they had ever received a dental x-ray (bitewing, fullmouth or panorex) a cerebral angiogram or a computed tomograph (CT) of the head. Risk factor and screening information were truncated at the date of diagnosis for cases and the date of interview for controls (hereafter referred to as the reference date). Interviewed and non-interviewed cases were similar with respect to age, sex, and residence. Interviewed and non-interviewed controls did not differ by sex or residence but did differ by age with interviewed controls older than non-interviewed controls.
The sample used in this analysis includes 1433 case and 1349 control subjects.
Statistical Analysis
The initial portion of the statistical analysis included descriptive statistics. T-tests, chi-square and Fisher exact tests were used to examine the association between meningioma risk and independent covariates. To assess the odds of meningioma associated with risk factors, conditional logistic regression was used to provide maximum likelihood estimates of the odds ratios (OR) (adjusted for age, alcohol use (yes/no), race (white versus non-white), education (<= 16 years versus > 16 years), and body mass index) with 95% confidence intervals (95%CI) using the statistical package PC-SAS version 9.2 (25). (As the variables income and education were co-linear, only education was included as the data were more complete). Linear trend was assessed across ordered categories. As prior studies examined the association between cigarette smoking and meningioma risk by menopausal status (pre versus post) (19), receipt of a full-mouth dental xray (ever/never) (15) , and radiotherapy to the head (16), we 
RESULTS

Meningioma Consortium Data
Descriptive statistics for the study sample are provided in Table 2 . The mean age was 57.5 years for cases versus 57. 
Meta-Analysis
In addition to our own data, the review identified six studies which merited inclusion in the meta-analyses (The 1980 study by Preston-Martin (18) 
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1.79) (Figure 2 ). Sensitivity analyses did not indicate that any one study was exerting undue influence on the summary measure.
Only minimal study heterogeneity was detected (I 2 = 17%). Funnel plot results lessened concern for the presence of substantial publication bias for either sex (data not shown).
DISCUSSION
This is the largest and most recent case-control study to examine the relationship between cigarette smoking and meningioma risk. Unlike previous studies we were able to both stratify by 
suggested by the increased incidence of the disease in women versus men, the presence of hormone (particularly progesterone) receptors on some meningiomas, an association between breast cancer, uterine fibroids, endometriosis and meningiomas (27), indications that meningiomas change in size during the luteal phase of the menstrual cycle and pregnancy, and in vitro proliferation of meningioma-cell lines in culture after exposure to estrogens. In the one previous case/control study to examine risk by menopausal status a stronger effect was noted in premenopausal women (19) although we were not able to detect such an effect, potentially due to the smaller number of pre-menopausal women in our data. Cigarette smoking is hypothesized to be anti- 
